ABSTRACT. To determine the extent of genetic diversity among isolates of Salmonella enteritidis obtained from outbreaks in Fukuoka Prefecture, Japan, from 1989 to 1994, we analyzed a total of 55 isolates of S. enteritidis obtained from 13 distinct outbreaks with pulsedfield gel electrophoresis. These isolates showed three different patterns in pulsed-field profile with Bln I digestion. The groups A, B and C consisted of three outbreaks isolates (Dice coefficient, F=1), of seven outbreaks (F= 0.56-0.94) and of three outbreaks (F=0.65-0.78), respectively. This result suggests that a few limited clonal lines of S. enteritidis were successively causing outbreaks in this area from 1989 to 1994.-KEY WORDS: epidemiology, pulsed-field gel electrophoresis, Salmonella enteritidis.
containing 20 U of either Xba I (Takara Shuzo Co., Ltd., Kyoto), Spe I (Nippon Gene Co., Ltd., Toyama), Bln I (Takara Shuzo Co., Ltd.) , Apa I (Takara Shuzo Co., Ltd.) or Sal I (Takara Shuzo Co., Ltd.). Restricted fragments were separated on a 1% agarose gel (Bio-Rad Laboratories, Hercules, U.S.A.) in 0.5 × TBE (Wako Pure Chemical Industries, Ltd., Osaka) using a CHEF-Mapper apparatus (Bio-Rad Laboratories). Electrophoresis was performed at 200 V for 24 hr, with a switched pulse time of 2-43.1 sec at 14°C. The gels were stained with ethidium bromide and were photographed with a UV transilluminator. The DNA size standards used were a bacteriophage lambda ladder consisting of concatemers starting at 48.5 kbp (Bio-Rad Laboratories). S. enteritidis isolates were distinguished based on differences in band arrangements. Differences in the presence, absence or intensity of a band among strains were observed and strains that differed by one band were assigned to different pulsed-field profiles (PFP).
The similarities of the fragment length patterns between two strains were scored by the Dice coefficient of similarity [14] . This coefficient, F, expresses the proportion of shared DNA fragments in two isolates and was calculated by the following formula: F = 2n xy / (n x + n y ), where n x is the total number of DNA fragments from isolate X, n y is the total number of DNA fragments from isolate Y, and n xy is the total number of DNA fragments that were identical in the two isolates. An F value of 1.0 indicates that the two isolates have identical PFP. S. enteritidis ATCC 13076 was used as a control in PFGE analysis of this serotype.
Two (S1 and S2) and three (X1 to X3) different PFPs were obtained for these isolates with Spe I and Xba I digestion, respectively (Table 1 ). There were no significant differences in the restriction profiles among the test isolates digested with Apa I and Sal I (data not shown). Figure 1 shows PFPs of these strains restricted with Bln I digestion. A total of 11 distinct PFPs (Ba to Bc3) among 55 isolates from 13 different outbreaks were observed and the PFP gave at least ten resolvable fragments. Among five enzymes tested, Bln I provided the best discrimination with Salmonella is a major cause of food poisoning in industrial countries [1, 18, 19] including Japan, where the number of outbreaks of disease caused by Salmonella enteritidis have been increasing [5, 12, 13] . Food products such as eggs and poultry are common sources of S. enteritidis [1, 6, 19] . Analysis of S. enteritidis strains epidemiologically from outbreaks in small areas is important to determine the source of the pathogen and improve food hygiene. Therefore, reliable and sufficiently discriminative methods of differentiating individual strains beyond the serotype level are needed. Epidemiological techniques for this serotype that have been used are plasmid analysis, antibiotic resistance and phage typing [9, 23] . Phage typing has proven particularly valuable for S. enteritidis [17, 22, 24] , while pulsed-field gel electrophoresis (PFGE) has provided molecular fingerprints in epidemiological studies [2, 3, 7, 11, 15, 16] .
In Japan, PT1 and PT4 strains are currently the predominant phage types [12, 13] . Terajima et al. reported that multiple clonal lines of PT1 and PT22 had already spread and that relatively fewer clonal lines of PT4 and PT13a might exist in Japan [22] . They determined genotypes of S. enteritidis isolated during the years 1994 and 1995 by PFGE. However, little is known about the genetic diversity of S. enteritidis isolated in last decade and in small areas like Fukuoka Prefecture, Japan.
In this investigation, PFGE was undertaken to determine the extent of genetic diversity among isolates of S. enteritidis obtained from outbreaks in Fukuoka Prefecture, Japan from 1989 to 1994. A total of 55 isolates of S. enteritidis were obtained from 51 patients and four suspected vehicular foods of the 13 temporally different outbreaks in various parts of this area (Table 1) . Phage typing of the isolates was performed using standard procedures [24] by the Salmonella Reference Center at the National Institute of Health, Japan.
PFGE analysis was performed using a modification of the method described by Birren and Lai [4] . The agarose blocks, including DNA, were incubated at the recommended temperature for 10 to 12 hr in 60 µl of digestion buffer the most easily interpreted profiles in this investigation. This observation agrees with those of other reports [11, 22] . There was no significant difference in phage types or PFPs of isolates in occurrence region in this area.
With Bln I digestion, isolates showed three different patterns, that is, groups A, B and C according to the Dice coefficient of similarity (Fig. 1, Table 2 ). Nos. 2, 3, and 11 outbreak isolates, Nos. 1, 4, 7, 9, 10, 12 and 13 outbreak ones and Nos. 5, 6 and 8 ones were grouped in A (F=1), B (F=0.56-0.94) and C (F= 0.65-0.78), respectively. While the similarities in PFPs of Nos. 10 and 13 outbreak isolates were distinguished from other isolates with Xba I digestion, those of these isolates with Bln I digestion were not distinguished from other group B ones.
In this investigation, isolates grouped A (Table 2) showed similar susceptibility to such antimicrobiological agents as ampicillin, chloramphenicol, gentamicin, kanamycin, latamoxef, nalidixic acid, streptomycin, sulfamethoxazole and tetracycline (data not shown) while they were not necessarily grouped to the same phage type. Threlfall and Chart [23] reported that S. enteritidis organisms occurred phage type conversion. They showed that S. enteritidis PT 1 and PT 4 organisms converted to PT 24 ones following acquisition of Inc N plasmid. Thus it is evident that although phage typing of S. enteritidis is valuable method to identify the possible source and route of infection with this organism, this typing is not necessarily almighty but other typing methods also should be used at the same time.
Tenover et al. [21] and Struelens et al. [20] elaborated guidelines for appropriating interpretation of the profiles obtained by PFGE in the analysis of outbreak situation. According to these guidelines, various isolates are considered to be closely related with each other even when two-or three-fragment differences were shown among them, since change in the PFGE is caused by a point mutation, an insertion or a deletion of the chromosomal DNA of the bacterium during in vivo or in vitro growth. Murase et al. [10] also reported that PFPs varied among isolates of S. enteritidis in one outbreak. Thus such evaluating similarity of PFPs as Dice's index could be useful to analyze strains of S. enteritidis causing food poisoning ecologically.
The 55 isolates of S. enteritidis from 13 food poisonings cases from 1989 to 1994 in such small area as Fukuoka Prefecture were classified only three groups according to the Dice coefficient of similarity in this investigation. This result seems to be quite surprising one since it is strongly suggested that only limited clonal lines of S. enteritidis were successively distributing in Fukuoka Prefecture for several years, at least from 1989 to 1994. We have no idea to explain this phenomenon at the moment. Where these organisms were living for several years also was remained unknown, however, such relatively long live animals as laying hens kept near this area may be one of the possible reservoirs of these organisms. In fact, six of total 13 outbreaks were suspected to be occurred by eggs or eggcontaining food contaminated with S. enteritidis ( Table 1) .
The present investigation also suggested that several variants were derived from a single clonal line for only five years (Table 2) . This finding was supported by other recent study that the incidence of mutators among isolates of pathogenic Salmonella is higher than that previously thought [8] .
It will be very interesting to compare S. enteritidis isolates from recent food poisoning cases, with those isolated in a long time ago and those isolated from poultry products, using PFGE, to clarify ecological aspects and the extent of genetic diversity of S. enteritidis.
